Much of the information on cell-free protein synthesis in bacterial cells has come from the Escherichia coli system. We felt it would be desirable to use a similar system from other organisms for comparison. For this purpose we chose two organisms, Pseudomonas fluorescens and Bacillus subtilis. The Pseudomonas system has already been in use for some time and has been reported upon.' Its study was rewarding; the Pseudomonas supernatant fractions were used mostly with the more stable E. coli ribosomes, and new information on an unstable component of the supernatant was obtained.
Much of the information on cell-free protein synthesis in bacterial cells has come from the Escherichia coli system. We felt it would be desirable to use a similar system from other organisms for comparison. For this purpose we chose two organisms, Pseudomonas fluorescens and Bacillus subtilis. The Pseudomonas system has already been in use for some time and has been reported upon.' Its study was rewarding; the Pseudomonas supernatant fractions were used mostly with the more stable E. coli ribosomes, and new information on an unstable component of the supernatant was obtained.
A cell-free amino acid-incorporating system from B. subtilis has been described by Taubman et al.,2 and more recently by Hirashima et al.3 This present report is largely a comparison of B. subtilis SB-19 with E. coli. Outstanding is the instability of B. subtilis ribosomes, due to a fragility of the 30S subunit. When this subunit was replaced by a 30S particle from E. coli, which readily combines with the 50S of B. subtilis,4' 5 the activity of the hybrids formed was equal to, or sometimes better than the activity of E. coli ribosomes. In the course of this study, mutants of B. subtilis were obtained.for comparison. One of Spizizen's6 mutants, 2-34, deficient in gelatinase and protease, was found to yield more stable ribosomes.
Methods.-Growth of bacteria: B. subtilis SB-19 and 2-34, both kindly supplied by Dr. Julius Marmur, were cultivated as described by Okazaki and Kornberg7 and harvested during the late logarithmic growth phase (200-250 Klett units with 66 filter). The yield of the packed wet cells was approximately 2 gm per liter; the cell paste was washed and stored at -15°until needed. E. coli B was grown and harvested as previously described. 8 Preparation of cell-free extracts: For cell disruption, a procedure similar to that employed by Okazaki and Kornberg7 was used. Into a 100-ml Virtis "45" homogenizer, equipped with a cooling cup, were placed 20 gm of cell paste, 60 gm of washed glass beads, 20 ml of 0.01 M Tris-HCl, pH 7.4, 0.01 M MgCl2, and 0.0005 M dithiothreitol (DTT) (standard buffer). The mixture was homogenized at a rheostat setting of 90 v (about 40,000 rpm). To maintain the temperature below 70, the homogenizer was stopped after 1 min to cool for a few minutes; this was repeated nine times. After adding 50 jsg of DNase, the gray homogenate was washed with 20 ml of standard buffer into tubes and centrifuged at 30,000 X g for 20 min. The pellet was reextracted by suspension in 20 ml of standard buffer and recentrifuged. The supernatant fractions were combined and recentrifuged at 30,000 X g for 20 min. The procedure for preparing the S-30 and S-100 fractions as well as the ribosomes was essentially that of Nirenberg and Matthaei,9 with the exception that the standard buffer described above was used. The S-100 fraction represented the upper two thirds of the supernatant remaining after centrifugation of the S-30 fraction at 105,000 X g for 3 hr or 150,000 X g for 1.5 hr. The S-100 fraction was dialyzed as described. 9 The ribosomes were not dialyzed unless specified.
When the same procedure was used for preparing the E. coli system, such extracts were analogous to those obtained by grinding with alumina. For preparing the B. subtilis system, however, homogenization with glass beads gave a higher yield of total protein and RNA. One mg dry weight of ribosomes or sRNA was assumed to be equivalent to 14. 4 20 mg or 4 mg of ribosomes was layered, respectively, on 25 ml or 5 ml of a 5-32% linear sucrose gradient in the low-Mg++ buffer used for dialysis. The 30S and 50S subunits were separated by zone centrifugation for 8 hr at 25,000 rpm in the Spinco SW-25 rotor, or for 3 hr at 39,000 rpm in the Spinco SW-39 rotor. Assay for polypeptide synthesis: Polypeptide synthesis, unless otherwise specified, was assayed by measuring the incorporation of radioactivity into hot trichloroacetic acid (TCA)-insoluble material, essentially following the method of Allende et al. 13 A low-background, gas-flow counter, Nuclear-Chicago model 1105, with 21% efficiency for C14 was used. Sucrose gradients: Reaction mixture (0.25 ml) was layered onto 5 ml of a 5-32% linear sucrose gradient containing 0.01 M Tris-HCl, pH 7.4,-0.01 M MgCl2, and was centrifuged for 2 hr at 39,000 rpm in the Spinco SW-39 rotor. Three-drop samples, about 0.15 ml, were collected into cooled tubes. For P32 assay, 0.02 ml of each sample was placed on a planchet; 0.5 ml of acetone was then added, and the slurry was distributed over the area of the planchet. The samples were dried, covered with two Millipore filters (type HA), and their radioactivity was determined in a gas-flow counter. By this method, which was suggested by Dr. Clelia Ganoza, approximately 95% of the C'4 counts were quenched without any loss Of p32 counts. The residual C'4 counts were negligible in comparison to the p32 counts measured. For determination of C'4, the remainder of the 0.15-ml sample was diluted with 0.9 ml of water and the absorbancy at 260 ms determined using a Zeiss spectrophotometer. Then 1.0 ml of 10% TCA was added and the precipitate was assayed for polyphenylalanine synthesis as described."3 About 99% of the p32 counts was removed by this procedure. C'4 values were corrected for remaining 1% contamination by p32.
Charging sRNA with C'4-phenylalanine: Stripped sRNA's from E. coli and B. subtilis were charged with C'4-phenylalanine as described by Conway. 14 The S-100 fraction from B. subtilis was used to charge B. subtilis sRNA, and the S-100 fraction from E. coli to charge E. coli sRNA.
Materials: Stripped sRNA's from E. coli B and B. subtilis 6000915 were obtained from General Biochemicals; GTP and ATP from PL-Biochemicals; DTT and phosphoenolpyruvate sodium salt from Calbiochem; DNase 3X crystallized from Worthington Biochemical Corp.; pyruvate kinase from Boehringer Mannheim; and Alumina 305 from Alcoa. Superbrite glass beads, type 100-5005, from the 3 M Company were used. Poly U, C14-poly U, and C'4-poly A were supplied by Miles Chemical Company; C'4-L-phenylalanine, serine, and proline by Schwarz BioResearch; C'4-valine, leucine, and isoleucine by New England Nuclear; and p32 by Oak Ridge Natl. Lab. Results.-Comparison of B. subtilis and E. coli systems: Incorporation of various amino acids without added messenger RNA was comparable to that of the E. coli system (although generally only half of it) (Table 1) . A pronounced difference appeared, however, when poly U-directed phenylalanine polymerization was measured; the B. subtilis system responded with only about a fourfold increase in rate as compared with a nearly 40-fold increase with E. coli. Using phenylalanyl sRNA and poly U (Fig. 1) , the initial rate with the B. subtilis preparation was low but increased slightly after 30 minutes; the same amount of phenylalanine was polymerized as in the E. coli system after five minutes. The initial rate was nearly proportional to the concentration of poly U and of ribosomes (Fig. 2) . Stability of B. subtilis ribosomes: B. subtilis ribosomes, when frozen after isolation, are relatively stable and may be stored at-~15°. The half life at this temperature is about three weeks at concentrations over 20 mg per ml. In ice, however, SB-19 ribosomes lose activity (Table 2) , and much more rapidly for poly U-linked polyphenylalanine synthesis than for endogenous incorporation. Dialysis and repeated washings with standard buffer, but particularly with low tng++, are very destructive.
Inat 300 i a a fa more stable system, ribosomes from mutants low in nuclease and protease were tested. Ribosomes from B. subtilis 2-34 retained higher The transfer activity of an unwashed B. subtilis ribosome suspension, 10 mg/ml in standard buffer, was measured at 2-hr intervals. Activities are expressed in ,uqumoles of phenylalanine polymerized in 10 min at 300 under the same conditions as in Fig. 1 , except that 50 jsg of B. subtilis C14-phenylalanyl sRNA (4000 cpm, 29 ,jugmoles phenylalanine) were used.
activity during storage in ice (Table 2 ) and overnight dialysis in standard buffer than did SB-19 ribosomes. According to Dr. John Spizizen, mutant 2-34 is defective in "late" protease and in vegetative gelatinase.6
In Table 3 , breakdown of RNA and protein was measured. In the mutant 2-34 ribosome preparations, not only proteolytic activity but also RNase activity was lower than in SB-19 preparations, but not very strikingly so. In both B. subtilis strains, however, these hydrolytic activities were lower than in E. coli.
Activity of hybrids between E. coli and B. subtilis subunits: Lederberg and Lederberg4 observed that hybridization between 50S and 30S particles of E. coli and B. subtilis, respectively, gave 70S particles. However, they did not check activity. After it had been found that the ribosomes of SB-19 were rather unstable, the activity of hybrids with E. coli was tested. These ribosomes were dialyzed against low magnesium, 5 X 10-5 M, and 30S and 50S subunits were separated by sucrose gradient centrifugation. Recombination of the subunits, however, did not yield active ribosomes. Even when unwashed B. subtilis ribosomes were centrifuged for 3 hr in the Spinco through a sucrose gradient containing 10-2 M Mg++, they became inactive. Table 4 shows a rather low activity of the recombined B. subtilis subunits (expt. 2). If 50 S units of B. subtilis are combined with 30S units of E. coli, activity is regained; the reverse combination of B. subtilis 30S and E. coli 50S is inactive.
Quite interesting is the activation of the 70S fraction of B. subtilis by addition of 30S E. coli subunits; this combination (Table 4 , expt. 4) yields the most active ribosomal unit. We noted that if B. subtilis sRNA is used instead of E. coli sRNA, the 70S B. subtilis-30S E. coli combination becomes about 40 per cent more active than 70S E. coli particles (Table 4) . In a reverse experiment, E. coli 70S particles were inhibited by added B. subtilis 30S fraction. Similar results were obtained using the mutant strain. Incubation was for 30 min at 300. 70S ribosomes were obtained from unwashed ribosomes by sucrose gradient centrifugation in the standard buffer. 30S and 50S units alone were virtually inactive.
To confirm that the active ribosomes were hybrids, E. coli was grown in p32 to make P32-labeled ribosomes for hybridization. In the sucrose gradient profile (Fig.  3A) of the 30S fraction of radioactive E. coli ribosomes, absorbancy and radioactivity overlap very well. On the other hand, Figure 3B shows the preparation of B. subtilis 50S particles to be free of 30S subunits. WhenB. subtilis 50S and radioactive E. coli 30S fractions are combined (Fig. 30) , incubated with poly U and phenylalanyl sRNA, and placed on a sucrose density gradient, a hybrid 70S fraction including part of the p32 appears in addition to the P32-30S and 50S peaks. This peak contains essentially all the polymerization activity.
A centrifugation profile of standard 70S B. subtilis ribosomes after incubation (Fig. 4A) shows that a large part of the 70S has decomposed to 50S and 30S units; the remaining 70S ribosomes are inactive. If, however, (Fig. 4B ) the 70S ribosome fraction is incubated with P32-labeled 30S particles from E. coli and then centrifuged, the height of the 70S peak as measured by 260 mnj absorption is increased and that of the 50S peak is lowered. hybrids is shown by the appearance of radioactivity in the 70S peak; this fraction is also highly active in amino acid polymerization.
Specificity of B. subtilis sRNA for B. subtilis ribosomes: A superiority of B. subtilis sRNA over E. coli sRNA was shown with the active hybrid ( Table 5 ). The 50S subunit seems to have a preference for the sRNA from the same species. To confirm this, once-washed ribosomes of either E. coli or B. subtilis were tested with the corresponding sRNA's (Fig. 5) . A rather distinct specificity was observed.
Summary.-The B. subtilis system is similar to the E. coli system, except that the ribosomes are fragile. However, a relatively poor response to poly U-directed polymerization of phenylalanine is observed. In this system, particularly at low concentrations of poly U, the initial rate of polymerization is only about one tenth that in the E. coli system. The discrepancy is less pronounced if higher concentrations of poly U are used. Through hybridization experiments it could be shown that inactivity is due to a deterioration of the 30S part. If the 50S fraction of B. subtilis is mixed with the 30S fraction of E. coli, quite active ribosomes are obtained. Even more active ribosomes may be prepared by mixing the 30S fraction of E. coli with the 70S fraction of B. subtilis. This is due to an easy dissociation of 70S even in the presence of high Mg++. That hybridization had actually occurred was confirmed by use of P32-labeled E. coli 30S subunits. A protease-deficient strain, 2-34, yielded more active ribosomes when used freshly prepared; the ribosomes of this strain, however, deteriorate on sucrose centrifugation due to inactivation of 30S particles, and active hybrids form between its 50S and E. coli 30S.
In the course of these experiments a preselection of B. subtilis and E. coli ribosomes for the corresponding sRNA's was observed.
